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GRASSLANDS OF A Zn-Pb POST-MINING AREA 
(OLKUSZ ORE-BEARING REGION, 5 POLAND) 


GRAZYNA SZAREK-LUKASZEWSKA & KRYSTYNA GRODZINSKA 


Abstract. We studied the diversity of grasslands in the Olkusz Ore-bearing Region (OOR). The OOR area has been severely 
degraded by Zn-Pb mining and polluted with heavy metals originating from mine and industrial waste and from industrial 
emissions. We assessed the species composition and cover of vascular plants, mosses and lichens in 9 plots at each of 28 study 
sites on two types of substrate (sands and dolomite mining waste). In the 252 study plots we recorded 260 species. Only one 
species was common (Festuca ovina) and four were noted frequently (Rumex thyrsiflorus, Leontodon hispidus subsp. hastilis, 
Ceratodon purpureus, Bryum pallescens). Most numerous were species typical of calcareous, warm, dry habitats and mesophilous 
meadows; species characteristic of poor sandy habitats and fields were rarer. Metallophytes were also fairly often noted (e.g., 
Cardaminopsis halleri, Biscutella laevigata, Brachythecium albicans, Diploschistes muscorum). Grassland diversity depended 
on substrate type and land use history. Grassland of abandoned fields developed on fertile sandy soil was richest in species, with 
numerous meadow and weed species (Crepis biennis, Melandrium album). Grassland on poor sandy soil was poor in vascular 
plants but rich in lichens (Cladonia rei, C. monomorpha). Grassland on mining ore-bearing waste was rich in thermophilous and 
meadow species (Thymus pulegioides, Lotus corniculatus). Grassland on mining waste was floristically similar to the Armerietum 
halleri association of metalliferous areas of Western and Central Europe. It differed by the presence of Biscutella laevigata and 
the frequent occurrence of Rumex thyrsiflorus, Cardaminopsis arenosa, Gypsophila fastigiata, Potentilla arenaria and Anthyllis 
vulneraria. The OOR grasslands, especially those developed on mining waste, should be placed under legal protection, as they 
contain species that are rare and unique for Poland. These grasslands increase the biotic diversity of this post-mining region and 
form colorful islands on its landscape. 
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INTRODUCTION 


Open-cast mining damages the soil and leaves vast 
areas bare of plant cover. The vegetation devel- 
oping spontaneously on such land is a very inter- 
esting subject for botanical and ecological studies 
(e.g., Prach & PySek 2001; Prach & Hobbs 2008). 
Post-mining areas typically have a mosaic of dif- 
ferent habitats which host rare and protected spe- 
cies (Tischew ἅς Kirmer 2007; Tropek et αἰ. 2010). 
Studies on the vegetation there are of great value 
for environmental restoration projects aimed at 
reestablishing self-sustaining ecosystems in those 
degraded areas (Tischew & Kirmer 2007). 

Once metalliferous ore quarrying 1s done, the 
terrain 1s entirely altered, degraded and highly pol- 
luted. Abandoned mining waste consists largely of 
remnant ore, so the soil developing on it contains 


heavy metals in amounts far exceeding any re- 
quirements ofthe vegetation (Baker et al. 2010). It 
15 also polluted by emissions from nearby smelters. 
Studies in ore-mining areas of Germany, Belgium 
and England showed that the vegetation spontane- 
ously growing on metalliferous soils differs sig- 
nificantly in physiognomy and composition from 
the surrounding vegetation (Ernst 1974; Brown 
2001; Dierschke & Becker 2008). The vegetation 
consists of unique species assemblages not seen 
anywhere else. In areas where Zn-Pb ores were 
extracted, specific communities — calamine grass- 
lands — are composed of plants adapted to various 
extents to high concentration of metals in the soils. 
According to Ernst (1974), calamine grasslands 
reach the eastern edge of their distribution in the 
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vicinity of Olkusz in southern Poland, the coun- 
try's oldest zinc and lead mining region. How- 
ever, detailed studies of these grasslands are still 
lacking. 

The Olkusz Ore-bearing Region (OOR) is 
formed of shallow-dipping ore-bearing dolomite 
rich in Zn-Pb ore, alternating with areas of fluvi- 
oglacial sands. Metal ores have been exploited in 
the OOR since the 12" century, and most inten- 
sively from the 19" to the late 20" centuries. Mining 
waste was left in the form of heaps of various sizes, 
mainly around the mine pits or between cultivated 
fields. As exploitation of ore deposits has ceased, 
mine pits and mining waste heaps have been re- 
claimed or left untouched. This post-mining area 
consists of various types of substrates (dolomites, 
sands), highly or moderately polluted with heavy 
metals. Plant cover developed there spontaneously 
now represents grasslands varying in age, structure 
and composition. The composition of grasslands 
on the oldest metalliferous mining waste is similar 
to that of calamine grasslands in Western Europe 
(Grodzinska & Szarek-Lukaszewska 2009). Little 
is known about the other types of grassland in the 
post-mining area. Insufficient knowledge of those 
habitats and their natural value is one reason why 
they are treated as worthless wasteland and are 
reforested, built over or otherwise destroyed. 

The aim of this study was (i) to characterize 
the grasslands of the OOR post-mining area, in- 
corporating substrate type (sand, mining waste), 
(ii) to compare them with communities of other 
metalliferous mining areas across Europe and (iii) 
to assess their conservation value. 


STUDY AREA 


The Olkusz Ore-bearing Region (OOR) (south- 
eastern part of the Wyzyna Slasko-Krakowska 
upland 50?17'N, 19?29'E; Fig. 1) has been very 
intensively exploited by open-cast mining. It is 
one of the most heavily polluted regions in Poland 
(Pasieczna & Lis 2008). 

The OOR is situated in the climatic zone of 
Wyzyna Slasko-Krakowska upland (Romer 1949). 
It has characterized by shorter transition seasons 
and shows some typical features of continentality. 


Average annual temperature is 8?C, with average 
annual precipitation of 750 mm. Light and mod- 
erate westerly winds predominate. The vegetation 
season lasts 200—210 days (Program ochrony sro- 
dowiska dla powiatu olkuskiego 2004). 

The OOR is built of Triassic formations com- 
posed of ore-bearing dolomites (Zn-Pb ores), and 
Pleistocene fluvioglacial and eolic sands (Cabata 
2009). Extraction and processing of Zn-Pb ores 
produced various kinds of waste made of dolo- 
mite rock and rarely limestone, crushed to sizes 
ranging from very coarse to very fine, polluted 
with remnant ore minerals (sulphides, carbonates, 
sulphates mainly of Zn and Pb). Initial rendzinas 
or degraded soils have developed on that waste, 
or soil cover is absent (Cabata 2009). Away from 
the mine pits and waste heaps are mainly brown 
soils developed on sand and rarely on dolomite, 
which were cultivated or managed as pasture until 
the early 1980s (Program ochrony środowiska dla 
powiatu olkuskiego 2004). The OOR soils show 
extremely high concentrations of heavy metals 
as compared with soils in other regions in Poland 
(Pasieczna & Lis 2008). 

Until the 1980s the OOR was exposed to high 
emissions of SO, and metallic dusts from industry. 
Dustfall from ZGH Bolestaw, the largest zinc 
smelter in Poland, situated in the center of the 
mining area (Fig. 1), was among the highest in the 
country, reaching 500 tons/year, and SO, reached 
5000 tons/year (Szarek-Lukaszewska 2009). Cur- 
rently dustfall is low at 1.5 tons/year, and SO, 
emission is 400 tons/year. 

OOR areas damaged by industry have been re- 
claimed, mainly by reforestation, since the 1970s. 
Vegetation has developed spontaneously in places 
outside the reclamation programs, and in some areas 
since the late 195 century (Grodzifiska & Szarek- 
Lukaszewska 2009). At present about half of the 
post-mining area has various types of grassland, 
and the other half is woodland (Fig. 1). 


MATERIAL AND METHODS 


We studied 28 sites scattered over 48 km? of the Olkusz 
Ore-bearing Region (Fig. 1, Table 1). They represent 
the most frequent open vegetation types in the OOR 
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Fig. 1. Location of 28 study sites in the Olkusz Ore-bearing Region (OOR). 6 — grassland on sand; O — grassland on mining 
waste; O — grassland on other substrates; 1 — industrial area including tailings ponds, smelting heaps and ore processing plant 
(F), smelting plant (S); 2 — built-up area, 3 — forest, 4 — roads. 


on the main substrate types: metal-rich dolomite mining 
waste typical for mining wasteland, and various types 
of sand, from poor to fertile, mostly cultivated until 
the early 1980s. 

Table 1 gives detailed information on particular 
study sites. Land use types are according to unpublished 
reports on the buffer zone around ZGH Boleslaw and the 
registry of reclaimed post-mining areas (Rodek & Bielas 
1976; Rejestr terenów przeksztalconych przez Zaklady 
Górniczo-Hutnicze ‘Bolesław’ 2004). We use data from 
Kapusta et al. (2011) for content of zinc (Zn%), the 
main metal of the ores, and the reaction (pHgc) of the 
top mineral horizon at the study sites. 

At each study site, 9 circular plots (4 m? each) were 
demarcated on a 10 x 10 m grid. In 2008 and 2009 we 
inventoried the plants (vascular, mosses, liverworts) 
and lichens in each of the 252 plots. Abundance was 
estimated on the Braun-Blanquet cover-abundance scale 
(Medwecka-Kornas et al. 1972). Nomenclature follows 
Mirek ef al. (2002) for vascular plants, Ochyra et al. 
(2003) for mosses and liverworts, and Bielczyk (2003) 


for lichens. The syntaxonomic position of particular 
vascular species follows Matuszkiewicz (2002) and 
Zarzycki et al. (2002). Ecological classification is based 
on Kuc (1964) for mosses, and Purvis et al. (1992) and 
Cuny et al. (2004) for lichens. 

Classification of plots and species (plants, lichens) 
was done with MULVA 5 software, as described in de- 
tail by Grodzinska er αἰ. (2010). Ordination of species 
was prepared with the use of detrended correspondence 
analysis (DCA) detrended by segments, with root square 
transformation and down-weighting by rare species, 
using CANOCO 4.5 software. All taxonomic groups 
(plants, lichens) were ordinated together. 


RESULTS 


We recorded 260 species in the 252 studied plots 
(Tables 2 & 3). Most of them (235 species) were 
sporadic, with up to 20% frequency (I* degree 
of constancy). Vascular plants represented 148 of 
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Table 1. Characteristics of study sites in the Olkusz Ore-bearing Region. Site type: PS — thermophilous grassland on fertile 
sand, GS — thermophilous grassland on poor sand, GW -- thermophilous grassland on mining waste, MW — moist grassland on 
mining waste, P — thermophilous grassland on other substrates, M — moist grassland on other substrates, Zn % — concentration 


of Zn in upper soil layer, pHyc;— pH of upper soil layer. 



































Study site Upper soil layer 
Land use 
Type | No. Zn 7ο ΡΗκοι 
PS 5 | Abandoned field — arable field cultivated until early 1980s 0.2 6.73 
7 | Abandoned field — arable field cultivated until early 1980s 0.7 6.34 
10 | Abandoned field — arable field cultivated until early 1980s 0.2 6.64 
11 | Abandoned field — arable field cultivated until early 1980s 0.2 6.54 
18 | Abandoned field — arable field cultivated until early 1980s 0.2 6.71 
19 | Abandoned field — arable field cultivated until early 1980s 0.1 6.83 
48 | Abandoned field 0.1 5.36 
GS 3 | Abandoned field — arable field cultivated until early 1980s 0.3 6.18 
4 | Abandoned field — arable field cultivated until early 1980s 0.7 6.33 
8 | Abandoned field — arable field cultivated until early 1980s 0.1 6.26 
9 | Mining wasteland — arable field polluted by mining waste and abandoned in 1970s 1.3 6.49 
12 | Mining wasteland — arable field polluted by mining waste and abandoned in 1970s 0.6 6.52 
20 | Abandoned field — arable field cultivated until early 1980s 0.2 6.12 
46 |Mining wasteland — a site has polluted by washery tailings since the beginning 1.3 6.84 
of the 20" century 
GW 1 | Mining wasteland, ca 80 years old 7.5 6.74 
14 | Mining wasteland, ca 100 years old 1.9 6.99 
15 | Mining wasteland — an area of mining waste dumping until 1990s 3.2 7.44 
16 | Mining wasteland — mining waste heap, ca 80—100 years old 0.8 6.84 
17 | Mining wasteland — mining waste heap, ca 50 years old 2.0 6.67 
34 | Mining wasteland — mining waste heap, ca 20 years old 0.1 7.77 
51 | Mining wasteland, ca 30 years old 1.8 6.73 
MW 2 | Mining wasteland — an area of mining waste dumping until 1990s 1.5 7.42 
13 | Mining wasteland — mining waste heap reclaimed by covering of fertile soil layer 0.2 6.28 
and sowing of grasses mixture in late 1990s 
30 | Mining wasteland — mining waste heap reclaimed by covering of fertile soil layer 0.04 5.85 
and sowing of grasses mixture in 1990s 
49 |Mining wasteland — an area of mining waste dumping reclaimed by covering 6.5 6.86 
of fertile soil layer and a sowing of grasses mixture in 1990s 
50 | Mining wasteland — an area of mining waste dumping reclaimed by planting trees 3.1 6.98 
in 1990s 
P 6 | Abandoned field — arable field cultivated until early 1980s 0.7 7.00 
M 21 | Abandoned field — a pasture until 1980s 0.3 521 














the species (with 129 sporadic), mosses 32 (with 
30 sporadic), liverworts 1 and lichens 79 (with 
76 sporadic). Only one vascular plant species 
(Festuca ovina) was present in more than 6096 
of the plots (IV degree of constancy) (Table 2). 
Two vascular plant species (Rumex thyrsiflorus, 
Leontodon hispidus subsp. hastilis) and two moss 
species (Ceratodon purpureus, Bryum pallescens) 


were recorded in 41-60% of the plots (III'* de- 
gree of constancy). Sixteen vascular plant species 
(e.g., Achillea millefolium, Viola tricolor, Car- 
daminopsis arenosa, Silene vulgaris), | moss spe- 
cies (Amblystegium serpens) and 3 lichen species 
(Vezdaea leprosa, Cladonia monomorpha, C. rei) 
occurred in 21-40% of the plots (II"¢ degree of 
constancy). 
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indicate the seven groups of grasslands (A-G) distinguished in Table 3. Species abbreviations given in Table 3. 


officinalis and the moss Amblystegium serpens. lt 
was somewhat related to groups D, F and G on 
mining waste by the presence of Leontodon 
hispidus and Achillea millefolium, and to group 
B on poor sandy soil by Rumex thyrsiflorus and 
Ceratodon purpureus. 

Groups B to G were linked by the presence 
of species typical for thermophilous grassland 
(Festuca ovina, Cardaminopsis arenosa, Vez- 
daea leprosa, Cladonia pyxidata) (Table 3), but 


they differed in species richness and the shares 
of taxonomic groups. We recorded 37 species in 
group B and 14 in C, but more than 100 in each 
of groups D to G (Table 2). Lichens played the 
main role in groups B and C, comprising ca 7096 
of all species; vascular plants formed more than 
5096 of all species in group D; vascular plants 
and lichens each accounted for ca 4096 in groups 
E and F; and ca 7096 of all species were vascular 
plants in group G. 
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Among groups B to G, groups F and G on 
mining waste polluted by heavy metals (Table 1) 
were clearly distinguished floristically by the pres- 
ence of, for example, Thymus pulegioides, Lotus 
corniculatus, Anthyllis vulneraria, Potentilla are- 
naria and Gypsophila fastigiata (Table 3). Group 
F was distinguished from group G by a few vas- 
cular species (Rhinanthus serotinus, Biscutella 
laevigata, Pimpinella saxifraga), mosses (Tortella 
tortuosa, Campylidium calcareum) and lichens 
(Verrucaria nigrescens, Bacidia bagliettoana). 
Group G was distinguished from group F by a few 
vascular species (Silene nutans, Trifolium pratense, 
Hieracium pilosella, Cerastium arvense), and by 
the moss Abietinella abietina and the lichen Ver- 
rucaria muralis. 

Group D on fertile foreign soil spread during 
reclamation on mining and processing waste 
(washery and flotation tailings) differed from other 
grasslands on non-reclaimed mining waste (groups 
F, G) only by the presence of Molinia caerulea. 
Group B (grassland on sand) was distinguished 
from them only by the presence of several lichens 
(e.g., Cladonia rei, C. monomorpha, Stigmidium 
sp.) (Table 3). Groups C and E did not possess 
any significant individual characters. 

We used DCA analysis to determine the di- 
rection and range of vegetation variability in the 
studied area. Figure 2 diagrams the ordination of 
species and plots in the space of the first two DCA 
axes. Axis I explains 14% of the variability (εἰ- 
genvalue 0.49), and axis II 8% (eigenvalue 0.27). 
Groups of plots were clearly separated by land use 
type (axis I) as well as substrate type (axis II). The 
group representing grassland developed on aban- 
doned fields is on the left side of axis I. It corre- 
sponds with group A of the MULVA classification 
(Table 3). It was distinguished by numerous tall 
herbs of mesophilous habitats. On the right side of 
axis I are plots on mining wasteland (groups C to 
G, Table 3). They were distinguished by vascular 
plants and lichens of open and dry habitats. In 
the lower part of axis II are plots on sand, mainly 
acid and nutrient-poor, and in the upper part of the 
axis II are those on old dolomite mining waste, 
with more fertile soil. They represented respec- 
tively group B, the most species-poor, and groups 


F and G, rich in species of various types of habi- 
tats (Table 3). Between them are plots on sand 
polluted with metalliferous waste, and on mining 
waste (groups C, E, Table 3), as well as those on 
reclaimed mining waste (group D, Table 3). 


DISCUSSION 


The grasslands of the Olkusz Ore Region (OOR) 
composed of vascular plant species, mainly those 
that are common regionally (Nowak 1999; Nowak 
et al. 2011) or throughout Poland (Zajac & Zajac 
2001). Rare species are sparse (e.g., Biscutella 
laevigata, Gentianella germanica, Erysimum odo- 
ratum). We draw particular attention to B. laevi- 
gata, a species known in Poland from only two 
areas: mountainous terrain in the West Tatras, 
and lowland near Olkusz (Wóycicki 1913; Zajac 
& Zajac 2001). In the OOR it is found mainly in 
grassland on rocky metalliferous mining waste, 
and more rarely in open pine forest on the same 
substrate (Grodzinska εἴ al. 2010). Biscutella laevi- 
gata is a montane species; its presence in lowland 
OOR may suggest a glacial origin (Dobrzanska 
1955; Szafer 1959). Biscutella laevigata occurs 
in many European mountain ranges, where it oc- 
cupies shallow, calcareous soil and scree (Trem- 
etsberger οί al. 2002; Guinea & Heywood 2010), 
as well as in mining areas of the Southern Alps in 
Slovenia on shallow dolomite soil highly polluted 
with heavy metals (Vidic et al. 2006). 

The metal-tolerant plants of the grasslands we 
studied deserve serious attention. We found no ob- 
ligatory metallophytes (as defined by Baker οί al. 
2010), only facultative ones. An important spe- 
cies was Cardaminopsis (Arabidopsis) halleri, Po- 
land’s only Zn hyperaccumulator (Kostecka 2009). 
It was recorded rarely in OOR grasslands, and fre- 
quently in forests and moist meadows (Grodzinska 
et al. 2010; Nowak et al. 2011). Cardaminopsis 
halleri occurs in southern Poland in the Sudetes and 
Carpathians, as well as on the Wyzyna Malopolska 
upland and Wyzyna Lubelska upland (Zajac 
& Zajac 2001). Species classified as metallophytes 
which often occur in OOR grasslands are Cardami- 
nopsis arenosa, Dianthus carthusianorum, Silene 
vulgaris, Viola tricolor and Biscutella laevigata 
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(Wierzbicka & Panufnik 1998; Wierzbicka 2002; 
Zalecka & Wierzbicka 2002; Wierzbicka & Pieli- 
chowska 2004; Grodzinska ὅς Szarek-Lukaszewska 
2009; Stomka et al. 2011). 

The bryophytes noted in the OOR are mainly 
common species, easily spreading and often con- 
nected with anthropogenic habitats. Among them 
are species typical for metalliferous substrates 
(e.g., Brachythecium albicans, Ceratodon pur- 
pureus, Pohlia nutans) (Cuny et al. 2004; Holyoak 
2008). The small number of bryophytes in the 
OOR grasslands may be due to their suppression 
by lichens in dry grassland, and by grasses (e.g., 
Molinia caerulea) in moister grassland. 

Unlike the vascular plants and bryophytes, the 
lichen species we recorded in grasslands are rare 
and also new for the OOR (e.g., Amadinea punc- 
tata, Cladonia rei, Verrucaria fuscella), as well 
as for the Wyzyna Slaska upland (e.g., Agonimia 
glutinosa, Bacidina chloroticula) or for Poland 
(e.g., Agonimia vouauxii, Vezdaea leprosa, V. rheo- 
carpa) (Bielczyk et al. 2009; U. Bielczyk, pers. 
comm.). Among the lichens 1s a large group of 
metallophytes such as Bacidia bagliettoana, Cla- 
donia pocillum, C. monomorpha, Diploschistes 
muscorum and Vezdaea leprosa (Purvis et al. 1992; 
Bielczyk εἰ al. 2009; Farkas 2010). 

The OOR grasslands vary in respect to species 
composition and richness. This diversity 1s con- 
nected with substrate type (sands, mining waste), 
land use type (arable fields, mining wastelands) 
and land use history (abandoned, reclaimed area). 
The differences are greatest between grassland on 
fertile sandy soil and those on poor sandy soil and 
on metalliferous waste. Grassland of the first type 
developed on arable fields abandoned about 30 
years ago. It 1s characterized by luxuriant vegeta- 
tion and high species richness. Common weeds 
are sparse, as elsewhere observed on land not cul- 
tivated for a long period (Critchley & Fowbert 
2000; Prach et al. 2001). A feature those grasslands 
share with the oldest grasslands on mining waste 
is the presence of mesophilous species. At present 
there are shrub/tree plantations and forests in the 
vicinity; those shrubs and trees can be expected 
to encroach 1 the grasslands' dense cover of her- 
baceous plants does not prevent it. 


Festuca ovina is common and dominant in 
other OOR grasslands. It is resistant both to high 
concentrations of heavy metals in soil and to strong 
insolation and drought (Pawlus 1983; Brown 
& Brinkmann 1992; Kanapeckas et al. 2008). 
Festuca ovina is recognized as a species typical 
for grasslands of metalliferous areas in Europe 
(Becker & Dierschke 2008; Dierschke & Becker 
2008), where it dominates, as in the OOR, on soils 
rich in Zn and Pb, both dry, poor and acid as well 
moister, more fertile and alkaline. This species 
probably comprises several distinct taxa colo- 
nizing heavy metal grasslands, but more detailed 
studies are required (Brown 2001). In the OOR, 
F. ovina represented the typical form (F. ovina 
s.str.) (Pawlus 1983; Nowak et al. 2011). 

Along with the lichens, Festuca ovina and 
only a few other vascular plants form the grass- 
lands on poor sandy soil in the OOR. The small 
number of plants on those habitats seems attribut- 
able to the adverse edaphic conditions of sandy 
soils (dry, acid, nutrient-poor) and the persisting 
effects of atmospheric pollution. From the 1950s 
to the mid-1990s, the ZGH Boleslaw smelter 
emitted enormous amounts of metallic dusts and 
sulphur compounds (Szarek-Lukaszewska 2009); 
atmospheric deposition of those pollutants in the 
OOR area was the highest in the country (Klich 
& Szarek-Lukaszewska 2001). The soil near the 
smelting plant has been heavily polluted for many 
years. Sulphur from the atmosphere acidifies poor 
sandy soil much more readily than it does to other 
soil types. Heavy metals are readily available to 
plants growing in polluted and acid soil. Only spe- 
cies resistant to excess metal can survive in such 
conditions (mainly species of Poaceae, Caryophyl- 
laceae, Brassicaceae) (Baker εἰ αἰ. 2010). Monoc- 
ultures of grasses (Poaceae) are commonly found 
in the vicinity of smelting plants, along with a few 
dicotyledonous species of the families mentioned 
above (Vidic et αἰ. 2006). They survive long after 
pollutant emissions decrease. 

The numerous occurrence of terricolous lichens 
in OOR grasslands dominated by F ovina may be 
related to the life cycle of this species (Krebs 1994). 
The vitality of the grass declines with age. In the 
mature stage its tussock degrades, allowing lichens 
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to encroach. Lichens are also frequent on mining 
calamine waste where F ovina is dominant. 

The OOR mining waste forms substrates of 
highly diverse texture and relief. They are a mo- 
saic of stones and deeper soil heavily or slightly 
polluted with metals. Growing together are plants 
of various types of habitats: dry and warm (class 
Festuco-Brometea), fertile, weakly and moderately 
humid (class Molinio-Arrhenatheretea), and dry 
and nutrient-poor (class Koelerio-Corynephoretea). 
Found in the same place are calcicolous plants 
(Gypsophilla fastigiata), calcifugous plants (Cam- 
panula rotundifolia), highly metal-tolerant plants 
(Armeria maritima s.l., Silene vulgaris s.l.) and 
less tolerant ones (Ranunculus acris, Achillea 
millefolium). On the oldest waste they form dense 
sward. Numerously occurring terricolous and epi- 
lithic lichens take advantage of the free space (bare 
soil, stones) that opens up in dense sward when the 
shallow soil typical for mining waste erodes. The 
mosaic of habitats developing on waste ensures 
species diversity, important from the viewpoint of 
plant conservation and landscape values. 

Grasslands with Molinia caerulea are typical for 
OOR wasteland reclaimed with fertile and foreign 
topsoil. Molinia caerulea has a persistent soil seed 
bank. It produces many small seeds (720,000 seeds 
per plant) which readily spread on bare substrate 
and colonize it (Taylor et al. 2001). This grass may 
have entered reclaimed areas of the OOR from the 
seed bank of soil used for reclamation and/or from 
resources of the regional species pool, in which 
it was continuously present (Dobrzanska 1955; 
Nowak et al. 2011). Molinia caerulea is a spe- 
cies of mainly humid habitats, both natural and 
degraded. On old (2150 years old) metalliferous 
mining areas in Western Europe it accompanies 
metallophytes in humid patches (Brown 1994). 
It also encroaches on younger and dry substrates 
rich in metals (Ryszka & Turnau 2007). 

Molinia caerulea is a strong competitor, but the 
OOR grasslands where it dominates are floristically 
rich. This was the result of temporal and spatial 
variation of habitat conditions. Molinia caerulea 
did not create a dense, continuous layer; species 
of humid and fertile habitats could find a place 
around its tussocks, and species of drier habitats 


could grow between them on shallow soil. This 
grass reaches its maximum height in late summer, 
so plants that bloom and fruit earlier can coexist 
with it. 

Usually the material used for reclamation of 
degraded areas 1s a mixture of grasses giving 
quick growth but needing artificial fertilization 
(Turnau et al. 2001). Molinia caerulea is not in that 
mixture. In view of how rapidly it encroaches on 
post-mining areas in the OOR, it might be useful 
to include it in the mixtures used in reclamation 
programs, especially for metalliferous waste and 
flotation tailings (Ryszka & Turnau 2007). 

The syntaxonomy of OOR grasslands on aban- 
doned fields and on reclaimed mining waste 1s 
difficult to determine. To some extent the other 
grasslands on mining waste resemble thermophi- 
lous grasslands in the uplands of southern Poland, 
by the presence of some species of the classes 
Festuco-Brometea (e.g., Dianthus carthusianorum, 
Potentilla arenaria, Anthyllis vulneraria) and 
Koelerio-Corynephoretea (Festuca ovina, Agrostis 
capillaris). However, they are closer to the cala- 
mine grasslands of Central Europe represented by 
Armerietum halleri, an association of the order Vio- 
letalia calaminariae (Ernst 1974, 1976; Dierschke 
& Becker 2008; Baker et al. 2010). We pointed this 
out in previous work on the grasslands of the oldest 
fragments (80—100 years old) of the OOR mining 
area (Grodzinska & Szarek-Lukaszewska 2009). 
Among the few subassociations distinguished 
within Armerietum halleri calamine grasslands 
of the OOR, those on rocky mining waste are re- 
lated to a subassociation with Plantago lanceolata 
(Ernst 1974) and its corresponding subassocia- 
tion with Achillea millefolium (A. h. achilletosum) 
(Dierschke & Becker 2008). Grasslands on sands 
have weaker connections with the subassociation 
A. h. achilletosum, but closer to the subassocia- 
tion with lichens A. h. cladonietosum (Dierschke 
& Becker 2008). The OOR calamine grasslands 
differ from Central European ones by the pres- 
ence of Biscutella laevigata and frequent shares of 
Rumex thyrsiflorus, Cardaminopsis arenosa, Carex 
hirta, Gypsophila fastigiata, Potentilla arenaria 
and Anthyllis vulneraria (Grodzinska & Szarek- 
Lukaszewska 2009). 
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Floristically the OOR grasslands on mining 
waste show similarities to those of zinc-lead areas 
in Banska Stiavnica in Slovakia (Banásová et al. 
2006), to the Silene vulgaris, Armeria maritima 
community of Northwestern Europe (Eifel Mts) 
(Brown 2001), and to a community on metal- 
liferous substrate in central Germany (Becker 
ὅς Brandel 2007). 

The syntaxonomic classification of grass- 
lands of metalliferous areas is interpreted vari- 
ously by different authors (Brown 2001; Becker 
ὅς Brándel 2007; Dierschke ἅς Becker 2008; Baker 
et al. 2010). The differences of opinion are re- 
lated in part to questions about the taxonomy 
of characteristic species of polyphyletic origin 
(Armeria maritima, Silene vulgaris, Minuartia 
verna) (Becker & Brandel 2007). In our study, 
as for Brown (2001), those species are described 
as species sensu lato even though morphological 
characteristics given for A. maritima subsp. halleri 
and S. vulgaris var. humilis are seen (Wierzbicka 
& Panufnik 1998; Abratowska 2006). Molecular 
studies should clarify their taxonomic position. 

The grasslands of the Olkusz Ore-bearing Re- 
gion supply a wealth of interesting material for 
the botanist and ecologist. Their species compo- 
sition is specific to this metalliferous area. The 
grasslands are floristically rich. They contain spe- 
cies of vascular plants and lichens known from 
only a few sites in Poland. They boost the biotic 
diversity of the whole region and form colorful 
islands on its landscape. These grasslands, espe- 
cially those developed on mining waste, need to 
be placed under legal protection and preserved 
through the implementation of active conserva- 
tion measures. 


ACKNOWLEDGEMENTS. We are grateful to Professor 
Ryszard Ochyra for identifying bryophyte species, and 
to Professor Urszula Bielezyk for identifying lichen 
species. We thank the Bolestaw Municipal Council and 
the staff of ZGH Bolestaw S.A. in Bukowno for their 
kindness and helpful cooperation, and the anonymous 
reviewers for valuable remarks on the manuscript. This 
study was performed within project PL0265 supported 
by a grant from Iceland, Liechtenstein and Norway 
through the Financial Mechanism of the European 
Economic Area. 


REFERENCES 


ABRATOWSKA A. 2006. Armeria maritima — the plant species 
adapted to growth on soils polluted by heavy metals. Ko- 
smos 55: 217—227 (in Polish with English summary). 


BAKER A. J. M., ERNST W. H. O., VAN DER ENT A., MALAISSE 
F. & GINOCCHIO R. 2010. Metallophytes: the unique bio- 
logical resource, its ecology and conservational status in 
Europe, central Africa and Latin America. In: L. C. BATTY 
& K. B. HALLBERG (eds), Ecology of Industrial Pollution, 
pp. 7-40. Cambridge University Press, British Ecological 
Safety, Cambridge. 


BANÁSOVÁ V., HORAK O., CIAMPOROVÁ M., NADUBINSKÁ 
M. & LICHTSCHEIDL I. 2006. The vegetation of metal- 
liferous and non-metalliferous grasslands in two former 
mine regions in Central Slovakia. Biologia (Bratislava) 
61: 433-439. 


BECKER T. & ΒΚΑΝΡΕΙ, M. 2007. Vegetation — environment 
relationships in a heavy metal — dry grassland complex. 
Folia Geobot. 42: 11-28. 


BECKER T. & DIERSCHKE H. 2008. Vegetation response to 
high concentration of heavy metals in the Harz Mountains, 
Germany. Phytocoenologia 38: 255—265. 


BIELCZYK U. (ed.) 2003. The lichens and allied fungi of the 
Polish Carpathians — an annotated checklist. W. Szafer In- 
stitute of Botany, Polish Academy of Sciences, Krakow. 


BIELCZYK U., JEDRZEJCZYK-KORYCINSKA M. & KISZKA J. 
2009. Lichens of abandoned zinc-lead mines. Acta Mycol. 
44: 139-149. 


BROWN G. 1994. Soil factors affecting patchiness in commu- 
nity composition of heavy metal — contaminated areas of 
Western Europe. Vegetatio 115: 77--90. 


BROWN G. 2001. The heavy metal vegetation of north-western 
mainland Europe. Bot. Jahrb. Syst. 123: 63-110. 


BROWN G. & BRINKMANN K. 1992. Heavy metal tolerance 
in Festuca ovina L. from contaminated sites in the Eifel 
Mountains, Germany. Plant Soil 143: 239—247. 


CABALA J. 2009. Heavy metals in soil environment of the 
Olkusz area of Zn-Pb ore exploitation. Wydawnictwo Uni- 
wersytetu Slaskiego, Katowice (in Polish with English 
summary). 


CRITCHLEY C. N. R. & FOWBERT J. A. 2000. Development 
of vegetation on set-aside land for up to nine years from 
a national perspective. Agriculture, Ecosystems & Envi- 
ronment Τ9: 159—174. 


Cuny D., DENAYER Ε.-Ο., DE FOUCAULT B., SCHUMACKER R., 
COLEIN P. & VAN HALUWYN CH. 2004. Patterns of metal 
soil contamination and changes in terrestrial cryptogamic 
communities. Environmental Pollution 129: 289—297. 


DIERSCHKE H. & BECKER T. 2008. Die Schwermetall-Vegeta- 
tion des Harzes-Gliederung, ókologische Bedingungen und 
syntaxonomische Einordung. Tuexenia 28: 185—227. 


G. SZAREK-LUKASZEWSKA & Κ. GRODZINSKA: POST-MINING GRASSLANDS 


259 





DOBRZANSKA J. 1955. Flora and ecological studies on cala- 
mine flora in the district of Bolestaw and Olkusz. Acta 
Soc. Bot. Poloniae 24: 357-408 (in Polish with English 
summary). 


ERNST W. H. O. 1974. Schwermetallvegetation der Erde. Gu- 
stav Fischer Verlag, Stuttgart. 


ERNST W. H. O. 1976. Violetea calaminariae. In: R. TÜXEN 
(ed.), Prodromus der Europäischen Pflanzengesellschaften. 
3: 1-132. J. Cramer, Vaduz. 


FARKAS E. 2010. Notes and schedae to lichens delicati exsiccati 
editae in memoriam Antonin Vézda (1920—2008), Fasc. 1. 
Acta Bot. Hung. 52(3-4): 331-340. 


GRODZINSKA K. & SZAREK-LUKASZEWSKA G. 2009. Heavy 
metal vegetation in the Olkusz region (southern Poland) — 
preliminary studies. Polish Bot. J. 54: 105-112. 


GRODZINSKA K., SZAREK-LUKASZEWSKA G. & GODZIK B. 
2010. Pine forests of Zn-Pb post-mining areas of southern 
Poland. Polish Bot. J. 55: 229—237. 


GUINEA E. & HEYWOOD V. H. 2010. Biscutella L. In: T. G. 
TUTIN, N. A. BURGES, A. O. CHATER, J. R. EDMONDSON, 
V. H. HEYWOOD, D. M. MOORE, D. H. VALENTINE, S. 
M. WALTERS & D. A. WEBB (eds), Flora Europaea. 1: 
393—398. Cambridge University Press, Cambridge. 


HOLYOAK D. T. 2008. Bryophytes and metallophyte vegetation 
on metalliferous mine-waste in Ireland. Report to National 
Parks and Wildlife Service of a Survey in 2008, pp. 1-17. 
http://www.npws.ie/eu/media/NPWS/Publications/Reports/ 
Media,6708.en.pdf 


KANAPECKAS J., LEMETIENE N., STUKONIS V. & TARAKANO- 
VAS P. 2008. Drought tolerance of turfgrass genetic re- 
sources. Biologija 54(2): 121—124. 


KAPUSTA P., SZAREK-LUKASZEWSKA G. & STEFANOWICZ A. M. 
2011. Direct and indirect effects of metal contamination on 
soil biota in a Zn-Pb post-mining and smelting area (S Po- 
land). Environmental Pollution 159(6): 1516-1522. 


KLICH M. & SZAREK-LUKASZEWSKA G. 2001. Ocena skazenia 
środowiska regionu slasko-krakowskiego oraz bielsko-bial- 
skiego metalami ciężkimi przy użyciu mchu (Pleurozium 
schreberi) jako biowskażnika. Przegląd Geologiczny 49: 
86-90. 


KOSTECKA A. A. 2009. Adaptations of Arabidopsis halleri to 
habitats rich in heavy metals in Southern Poland. Ph.D. 
Thesis, Institute of Botany, Polish Academy of Sciences, 
Kraków. 


KREBS C. J. 1994. Ecology: the experimental analysis of dis- 
tribution and abundance. 4th ed. Harper Collins College 
Publishers, New York. 


Kuc M. 1964. Bryogeography of the Southern Uplands of 
Poland. Monogr. Bot. 17: 1-21] (in Polish with English 
summary). 


MATUSZKIEWICZ W. 2002. Przewodnik do oznaczania zbioro- 


wisk roslinnych Polski. Wydawnictwo Naukowe PWN, 
Warszawa. 


MEDWECKA-KORNAS A., KORNAS J., PAWŁOWSKI B. & ZA- 
RZYCKI K. 1972. Przegląd zbiorowisk roślinnych lądowych 
i stodkowodnych. In: W. SZAFER & K. ZARZYCKI (eds), 
Szata roślinna Polski. 1: 237—269. Państwowe Wydawnic- 
two Naukowe, Warszawa. 


MIREK Z., PIEKOS-MIRKOWA Η., ZAJAC A. & ZAJAC M. 2002. 
Flowering plants and pteridophytes of Poland. A checklist. 
W. Szafer Institute of Botany, Polish Academy of Sciences, 
Kraków. 


NOWAK T. 1999, Atlas rozmieszczenia roslin naczyniowych na 
terenie wschodniej części Garbu Tarnogórskiego (Wyżyna 
Sląska). Materiały, Opracowania 2: 1-103. 


NOWAK T., KAPUSTA P., JEDRZEJCZYK-KORYCINSKA M., SZA- 
REK-ŁUKASZEWSKA G. & GODZIK B. 2011. The vascular 
plants of the Olkusz Ore-bearing Region. W. Szafer Insti- 
tute of Botany, Polish Academy of Sciences, Kraków. 


OCHYRA R., ŻARNOWIEC J. & BEDNAREK-OCHYRA H. 2003. 
Census catalogue of Polish mosses. Polish Academy of 
Sciences, Institute of Botany, Kraków. 


PASIECZNA A. & Lis J. 2008. Environmental geochemical 
mapping of the Olkusz 1:25000 scale map sheet, Silesia— 
Cracow region, southern Poland. Geochemistry: Explora- 
tion, Environment, Analysis 8: 1—8. 


PAWLUS M. 1983. Taxonomy and distribution of the Festuca 
ovina L. in Poland. Fragm. Florist. Geobot. 29(1985): 
219—295 (in Polish with English summary). 


PRACH K. & HOBBS R. J. 2008. Spontaneous succession versus 
technical reclamation in the restoration of disturbed sites. 
Restoration Ecology 16: 362—366. 


PRACH K. & PYSEK P. 2001. Using spontaneous succession for 
restoration of human-disturbed habitats: experience from 
Central Europe. Ecological Engineering 17: 55-62. 


PRACH K., PYSEK P. & BASTL M. 2001. Spontaneous vegetation 
succession in human disturbed habitats: A pattern across 
seres. Applied Vegetation Science 4: 83-88. 


PuRVIS O. W., COPPINS B. J., HAWKSWORTH D. L., JAMES 
P. W. & MOORE D. M. 1992. The lichen flora of Great 
Britain and Ireland. Natural History Museum, The British 
Lichen Society, London. 


RODEK M. & BIELAS Z. 1976. Rekultywacja i zagospodaro- 
wanie terenów przekształconych działalnością górniczą 
i przemysłową w rejonie Kombinatu. Centralny Osro- 
dek Badawczo-Projektowy Górnictwa Odkrywkowego 
POLTEGOR, Wrocław (manuscript). 


ROMER E. 1949. Regiony klimatyczne Polski. Prace Wrocław- 
skiego Towarzystwa Naukowego, Seria B 16: 1-26. 


RYSZKA P. & TURNAU K. 2007. Arbuscular mycorrhiza of in- 
troduced and native grasses colonizing zinc waste: implica- 
tions for restoration practices. Plant Soil 298: 219-229. 


SŁOMKA A., KUTA E., SZAREK-LUKASZEWSKA G., GODZIK B., 


260 


POLISH BOTANICAL JOURNAL 56(2). 2011 





KAPUSTA P., TYLKO G. & BOTHE H. 2011. Violets of the 
section Melanium, their colonization by arbuscular mycor- 
rhizal fungi and their occurrence on heavy metal heaps. 
Journal of Plant Physiology 168(11): 1191—1199. 


SZAFER W. 1959. Szata roslinna Polski nizowej. In: W. SZA- 
FER (ed.), Szata roślinna Polski. 2: 13-186. Państwowe 
Wydawnictwo Naukowe, Warszawa. 


SZAREK-LUKASZEWSKA G. 2009. Vegetation of reclaimed 
and spontaneous vegetated Zn-Pb mine waste in so- 
uthern Poland. Polish Journal of Environmental Studies 
18: 717—733. 


TAYLOR K., ROWLAND A. P. & JoNES H. E. 2001. Molinia 
caerulea (L.) Moench. Biological flora of the British Isles 
No 216. J. Ecol. 89: 126-144. 


TISCHEW S. & KIRMER A. 2007. Implementation of basic stud- 
les in the ecological restoration of surface-mined land. 
Restoration Ecology 15(2): 321-325. 


TREMETSBERGER K., KÓNOG C., SAMUEL R., PINSKER W. 
& STUESSY T. F. 2002. Intraspecific genetic variation in 
Biscutella laevigata (Brassicaeae): new focus on Irene 
Manton's hypothesis. P/. Syst. Evol. 233: 163-181. 


TROPEK R., KADLEC T., KARESOVA P., SPITZER L., KOCAREK P., 
MALENOVSKY I., BANAR P., TUF I. H., HEIDA M. & KON- 
VICKA M. 2010. Spontaneous succession in limestone 
quarries as an effective restoration tool for endangered 
arthropods and plants. J. Appl. Ecol. 47: 139-147. 


TURNAU K., RYSZKA P., GIANINAZZI-PEARSON V. & VAN 
TUINEN D. 2001. Identification of arbuscular mycorrhizal 
fungi in soils and roots of plants colonizing zinc waste in 
southern Poland. Mycorrhiza 10: 169-174. 


VIDIC T., JoGAN N., DROBNE D. & VIHAR B. 2006. Natural 
revegetation in the vicinity of the former lead smelter in 
Zerjav, Slovenia. Environmental Science & Technology 
40: 4119-4125. 


WIERZBICKA M. 2002. Adaptation of plants to growth on zinc- 
lead spoil heaps in the vicinity of Olkusz. Kosmos 51: 
139-150 (in Polish with English summary). 


WIERZBICKA K. & PANUFNIK D. 1998. The adaptation of Silene 
vulgaris to growth on a calamine waste heap (S Poland). 
Environmental Pollution 101: 415—426. 


WIERZBICKA M. & PIELICHOWSKA M. 2004. Adaptation of 
Biscutella laevigata L., a metal hyperaccumulator, to 
growth on a zinc-lead waste heap in southern Poland. I: 
Differences between waste-heap and mountain populations. 
Chemosphere 54: 1663-1674. 


WOYCICKI Z. 1913. Flora der Galmeigebiete von Bolesław und 
Olkusz. Kasa im. Mianowskiego, Warszawa (in Polish). 


ZAJĄC A. ὅς ZAJAC M. (eds) 2001. Distribution atlas of vascu- 
lar plants in Poland. Laboratory of Computer Chorology, 
Institute of Botany, Jagiellonian University, Kraków. 


ZALECKA R. & WIERZBICKA M. 2002. The adaptation of Di- 
anthus carthusianorum L. (Caryophyllaeae) to growth 
on a zinc-lead heap in Southern Poland. Plant Soil 246: 
249-257. 


ZARZYCKI K., TRZCINSKA-TACIK H., ROZANSKI W., SZELAG Ζ., 
WOLEK J. & KORZENIAK U. 2002. Ecological indicator 
values of vascular plants of Poland. W. Szafer Institute of 
Botany, Polish Academy of Sciences, Kraków. 


Received 28 September 2011 


